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,QWURGXFWLRQ
7KH SHUFHSWLRQ WKDW VWUXFWXUHV PRQLWRULQJ KDV JDLQHG D OHDGLQJ UROH FRPELQHG ZLWK WKH FHUWDLQW\ WKDW 6$5
LQWHUIHURPHWULFWHFKQLTXHVUHDFKHGFXUUHQWO\DOHYHORIPDWXULW\WKDWFDQOHDGWKHPWRDQRSHUDWLRQDOOHYHOLVWKHPRWWR
RIWKLVZRUN,WDLPVWRDVVHVVWKHSRWHQWLDORILQWHUIHURPHWULFWHFKQLTXHVLQWKHPRQLWRULQJDQGGHIRUPDWLRQGHWHFWLRQ
RIVWUXFWXUHVQDPHO\WKH6$5&EDQGLPDJHV
7KHUDSLGGHYHORSPHQWRIVSDFHWHFKQRORJLHVZHKDYHVHHQLQUHFHQWGHFDGHVHQDEOHGWKHGHYHORSPHQWRIQHZHDUWK
VXUIDFHDQGVWUXFWXUHVGLVSODFHPHQWGHWHFWLRQWHFKQLTXHVIURPVSDFHZLWKKLJKSUHFLVLRQDQGZLWKXQH[SHFWHGEHQHILWV
7KLVSURJUHVVZDVRQO\SRVVLEOH WKDQNV WRGDWDREWDLQHGE\ WKH6$5VHQVRUVFDUULHGRQERDUGVDWHOOLWHVDQG WR WKH
GHYHORSPHQWRIQHZLQWHUIHURPHWULFSURFHVVLQJPHWKRGVXVLQJWLPHVHULHVDQDO\VLVRI6$5LPDJHV
7KHILQGLQJWKDWVRPHSRLQWVSL[HOVLQWKH6$5LPDJHPDLQWDLQHGDVWDEOHUHVSRQVHIRUODUJHSHULRGVRIWLPH
SURYLGHG WKH ODXQFK RI WKH EDVHV IRU WKH H[SORUDWLRQ RI LQWHUIHURPHWULF PXOWLWHPSRUDO WHFKQLTXHV 07,Q6$5
HQDEOLQJWRVROYHWKHPDLQOLPLWDWLRQVRIFRQYHQWLRQDO,QWHUIHURPHWU\,Q6$5ILUVWRIDOOLQWHUIHURJUDPVDUHDIIHFWHG
E\WHPSRUDODQGRUJHRPHWULFDOGHFRUUHODWLRQ6HFRQGO\WKHLQWHUIHURPHWULFSKDVHLVZUDSSHGDQGLWPD\EHTXLWH
GLIILFXOW PDQ\ WLPHV LPSRVVLEOH WRXQZUDS LWFRUUHFWO\XVLQJDVLQJOH LQWHUIHURJUDP)LQDOO\HYHQ LIDOOSUHYLRXV
SUREOHPVDUHVROYHGDWPRVSKHULFDUWHIDFWVPD\EHFRPHIUXLWOHVVDOOHIIRUWV07,Q6$5WHFKQLTXHVLQFOXGHVROXWLRQV
WRVRPHRI WKHPHQWLRQHG',Q6$5OLPLWDWLRQV2YHU WKHSDVWIHZ\HDUVDQXPEHURI07,Q6$5DOJRULWKPVZHUH
GHYHORSHG WRDGGUHVV WKH OLPLWDWLRQVRIFRQYHQWLRQDO ,Q6$5DOOFODVVLILHG LQWR WZRFDWHJRULHV3HUVLVWHQW6FDWWHUHU
,QWHUIHURPHWU\36,Q6$5DQG6PDOO%DVHOLQH6%7KHVHWZRWHFKQLTXHVZHUHDSSOLHGWRWKHYDULRXVGDWDVHWVXVHG
LQWKLVZRUNDQGWKHUHVXOWVDUHSUHVHQWHGLQ6HFWLRQ
5HFHQWVWXGLHVFDUULHGRXWE\WKHDXWKRUVDOORZHGDQVZHULQJWKHIROORZLQJWZRNH\LVVXHVUHODWLQJWRWKH
IHDVLELOLW\RIXVLQJLQWHUIHURPHWULFWHFKQLTXHVIRUVWUXFWXUHVPRQLWRULQJ
 'RPRVW UHFHQW LQWHUIHURPHWULF WHFKQLTXHVUHDFKHGDVWDWHRIPDWXULW\DQGGHYHORSPHQWHQDEOLQJVWUXFWXUHV
PRQLWRULQJ"
 :KDWDUHWKHPDLQFRQVWUDLQWVWRWKHDSSOLFDWLRQRI,Q6$5WHFKQLTXHVIRUVWUXFWXUHVPRQLWRULQJ"
)LJ&RPSDULVRQEHWZHHQ;&DQG/EDQG7RSURZDPSOLWXGH LPDJHV%RWWRPURZ LQWHUIHURJUDPVREWDLQHGXVLQJ LPDJHV
DFTXLUHGLQWKHLQGLFDWHGGDWHV
7KHVKRUWHUWKHZDYHOHQJWKLVWKHPRUHSUHFLVHWKHFDSDELOLW\RIGHWHFWLQJWKHJURXQGPRYHPHQW+RZHYHUWKH
GLIIHUHQFHRIWKHZDYHOHQJWKVJUHDWO\LQIOXHQFHVWKHLQWHUIHUHQFHSURSHUW\RIWKHJURXQGVXUIDFH7KLVLVEHFDXVHWKH
;%DQG76; &%DQG(56 /%DQG$/26
B B B
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UDGLRZDYHZLWKVKRUWHUZDYHOHQJWKWKDQ&EDQGaFPKDUGO\SHQHWUDWHVYHJHWDWLRQHJOHDYHVDQGEUDQFKHVRI
WUHHV7KHUHIRUHREVHUYLQJDIRUHVWDUHDE\&RU;EDQGUDGDUaFPWKHUDGLRZDYHLVUHIOHFWHGE\FDQRS\DQG
FDQQRWUHDFKWRWKHJURXQG&RKHUHQWVLJQDOVFDQQRWEHREVHUYHGDWYHJHWDWHGDUHDVEHFDXVHOHDYHVVZLQJLQWKHZLQG
RUJURZXSZKHUHDVWKHVLJQDOVLQXUEDQDUHDVDUHFRKHUHQW2QWKHRWKHUKDQGD/EDQGUDGDUaFPZKLFKKDVD
ORQJZDYHOHQJWKFDQSHQHWUDWHWKHYHJHWDWLRQ)RUWKHVHUHDVRQVEXWDOVRIRUWKHGDWDDFFHVVSROLF\IRVWHUHGE\WKH
(XURSHDQ6SDFH$JHQF\&EDQG LPDJHVDSSHDU WREHYHU\DWWUDFWLYHIRUVWUXFWXUHVPRQLWRULQJ OLNHGDPVXVXDOO\
ORFDWHG LQQRQXUEDQL]HG DUHDV7KHGLIIHUHQFHEHWZHHQHDFKRI WKHSUHYLRXV UDGDUEDQGV FDQEHSHUFHLYHG LQ WKH
LQWHUIHURJUDPVDQGDPSOLWXGHLPDJHVSUHVHQWHGLQ)LJ
7KHVHYHUDOWHVWVFDUULHGRXWXVLQJGLIIHUHQWW\SHVRIVWUXFWXUHVKDYHVHUYHGWRHVWDEOLVKVWDQGDUGSURFHGXUHVIRU
VWUXFWXUHVPRQLWRULQJXVLQJLQWHUIHURPHWULFWHFKQLTXHVDQGDOORZHGWRFRQFOXGHWKDW&EDQGGHVSLWHLWVFRDUVHVSDWLDO
DQG WHPSRUDO UHVROXWLRQV 6HQWLQHO LVFRQVLGHUDEO\ LPSURYHG WKLV VWDWXV LVFDSDEOHRIEHLQJXVHG LQPRQLWRULQJ
PDMRUVWUXFWXUHVLQFOXGLQJGDPV2EYLRXVO\LWZDVVRRQIRXQGWKDWWKHJHRPHWULFUHVROXWLRQPLQ;%DQGRI
VDWHOOLWHLPDJHU\GRQRWPDWFKWKHVL]HRIW\SLFDOGHIHFWVIRUH[DPSOHLQFRQFUHWHGDPVP3UREOHPVVXFK
DVFUDFNLQJDQGUDYHOLQJFDQWKHUHIRUHQRWEHLGHQWLILHGXVLQJ6$5VDWHOOLWHLPDJHVKRZHYHU WKHRQO\VSDFHERUQH
VHQVRUWKDWFRXOGSRVVLEO\FRQWULEXWHWRVWUXFWXUHVLQVSHFWLRQVE\PHDVXULQJGHIRUPDWLRQVLV6\QWKHWLF$SHUWXUH5DGDU
,QWKLVSDSHU07,Q6$5PHWKRGVDUHDSSOLHGWRSURFHVV(56(QYLVDWDQG6HQWLQHOLPDJHVIRUPHDVXULQJ
WKHGHIRUPDWLRQEHKDYLRURIVHYHUDOGDPVZLWKGLIIHUHQWFRQVWUXFWLRQW\SHVDQGORFDWLRQV
7KHSDSHULVVWUXFWXUHGDVIROORZV6HFWLRQLQFOXGHVDJHQHUDOGHVFULSWLRQRIWKHLQWHUIHURPHWULFSDFNDJHVXVLQJ
LQWKHSURFHVVLQJRI6$5GDWDVWDFNV,Q6HFWLRQDJHQHUDOGHVFULSWLRQRIHDFKGDPVWXGLHGLVIROORZHGE\WKH07
,Q6$5UHVXOWV7KHPDLQFRQFOXVLRQVDUHSUHVHQWHGLQ6HFWLRQ
0XOWL7HPSRUDO,QWHUIHURPHWU\
0XOWL7HPSRUDO ,QWHUIHURPHWU\ LV D JURXS RI SRZHUIXO UHPRWH VHQVLQJ WHFKQLTXHV DOORZLQJ PHDVXULQJ DQG
PRQLWRULQJGLVSODFHPHQWVRIWKH(DUWK¶VVXUIDFHRYHUWLPH0RUHJHQHULFDOO\LWFDQEHVDLGWKDW07,Q6$5LVDUDGDU
EDVHGWHFKQLTXHWKDWEHORQJVWRWKHJURXSRI'LIIHUHQWLDO,Q6$5',Q6$56XFKWHFKQLTXHVH[SORLWWKHUDGDUSKDVH
LQIRUPDWLRQRIDWOHDVWRQHSDLURIFRPSOH[6$5LPDJHVDFTXLUHGRYHUWKHVDPHUHJLRQDWGLIIHUHQWWLPHVUHSHDWSDVV
6$5LQWHUIHURPHWU\DQGDUHXVHGWRIRUPDQLQWHUIHURPHWULFSDLUWKHLQWHUIHURJUDP7KLVUHSHDWHGDFTXLVLWLRQRI
LPDJHVRYHUDJLYHQDUHDLVXVXDOO\SHUIRUPHGZLWKWKHVDPHVHQVRURUVHQVRUVZLWKLGHQWLFDOV\VWHPFKDUDFWHULVWLFV
)RUDJHQHUDOUHYLHZRI6$5LQWHUIHURPHWU\WKHUHDGHULVUHIHUUHGWRDPRQJRWKHUV
1RZDGD\VVHYHUDO07,Q6$5DSSURDFKHVDUHDYDLODEOHKRZHYHUWKH\DOOH[SORLWPXOWLSOH6$5LPDJHVDFTXLUHG
RYHUWKHVDPHDUHDDQGDSSURSULDWHGDWDSURFHVVLQJDQGDQDO\VLVSURFHGXUHVWRVHSDUDWHWKHGLVSODFHPHQWFRPSRQHQW
IURPWKHRWKHUSKDVHFRPSRQHQWVWKDWDSSHDULQWKHLQWHUIHURPHWULFSKDVH7KLVJURXSRI,Q6$5WHFKQLTXHVIRFXVHV
LQWKHLGHQWLILFDWLRQRISL[HOVLQWKH6$5LPDJHFKDUDFWHUL]HGE\VPDOOSKDVHQRLVHZKLFKDUHW\SLFDOO\UHODWHGWRWZR
W\SHV RI UHÀHFWRUV WKRVHZKHUH WKH UHVSRQVH WR WKH UDGDU LV GRPLQDWHGE\ D VWURQJ UHÀHFWLQJ REMHFW DQG UHPDLQV
FRQVWDQWRYHUWLPH3HUVLVWHQW6FDWWHUHU36DQGWKRVHZKHUHWKHUHVSRQVHLVFRQVWDQWRYHUWLPHEXWLVGXHWRGLIIHUHQW
VPDOOVFDWWHULQJREMHFWV'LVWULEXWHG6FDWWHUHUV'6RU6')3VORZO\GHFRUUHODWLQJILOWHUHGSKDVHDVWKHVHVSHFLILF
SRLQWV DUH NQRZQ LQ 6WD036 6WDQIRUG 0HWKRG IRU 360XOWL7HPSRUDO ,Q6$5 SDFNDJHV 7KH 6$552=
LQWHUIHURPHWULFSDFNDJHZDVDOVRXVHGLQWKLVZRUNDQGERWKSDFNDJHVDUHVXPPDUL]HGLQWKHIROORZLQJVXEVHFWLRQV
2.1. StaMPS Package 
2QHRI WKHPDLQFKDUDFWHULVWLFVRI6WD036LV WKHIDFW WKDW WKH36VHOHFWLRQXVHVSKDVHFKDUDFWHULVWLFVZKLFK LV
VXLWDEOH WR ¿QG ORZDPSOLWXGH QDWXUDO WDUJHWV ZLWK SKDVH VWDELOLW\ WKDW FDQQRW EH LGHQWL¿HG E\ DPSOLWXGHEDVHG
DOJRULWKPV,QRWKHUZRUGV6WD036XVHVSKDVHVSDWLDOFRUUHODWLRQWRLGHQWLI\36SL[HOVLQVWHDGRIDPSOLWXGHDQDO\VLV
DVLQ$QLPSRUWDQWDGYDQWDJHLVWKDWLWGRHVQRWUHTXLUHDSULRUGHIRUPDWLRQPRGHO6WD036HYROYHGWRDK\EULG
PHWKRGZKLFKPHDQVWKDWLWLVEDVHGRQ36DQG'6LGHQWLILFDWLRQKRZHYHUWKHPDLQRXWFRPHVRIDOOPHWKRGVUHPDLQ
WKH GHIRUPDWLRQ WLPH VHULHV WKHGHIRUPDWLRQYHORFLW\ HVWLPDWHGRYHU WKH DQDO\]HG36'6SRLQWV DQG WKH UHVLGXDO
WRSRJUDSKLFHUURUZKLFKUHSUHVHQWVWKHGLIIHUHQFHEHWZHHQWKHWUXHKHLJKWRIWKHVFDWWHULQJSKDVHFHQWHURIDJLYHQ
SRLQWDQGWKHKHLJKWRIWKH'(0LQWKLVSRLQW7KLVLVDNH\SDUDPHWHULQRUGHUWRDFKLHYHDQDFFXUDWHJHRFRGLQJ
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,Q 6WD036 WKH DOJRULWKPV IRU 36 DQG 6')3 SL[HOV VHOHFWLRQ DUH EDVLFDOO\ WKH VDPH +RZHYHU GLIIHUHQW
LQWHUIHURJUDPV DUH XVHG 6LQJOH PDVWHU LQWHUIHURJUDPV DUH XVHG IRU 36 SL[HO VHOHFWLRQ ZKLOH PXOWLSOH PDVWHU
LQWHUIHURJUDPVZLWKVPDOOEDVHOLQHV6%DUHXVHGIRU6')3SL[HOVVHOHFWLRQ6WD03636SL[HOVVHOHFWLRQVWUDWHJ\
FRQVLVWV LQ ILQGLQJ WKH VHOHFWLRQ WKUHVKROG RI WKH SUREDELOLW\ GLVWULEXWLRQ IRU HDFK36 FDQGLGDWH ,I WKH FRQYHUJHG
SUREDELOLW\GLVWULEXWLRQLVJUHDWHUWKDQWKHVHOHFWLRQWKUHVKROGWKHFDQGLGDWHZLOOEHLQLWLDOO\VHOHFWHGDVD36SL[HO
RWKHUZLVHLWZLOOEHGLVFDUGHG)RUWKHLQLWLDOWRSRJUDSKLFHVWLPDWLRQDQGODWHURQIRUWHUUDLQJHRFRGLQJD'(0KDVWR
EHXVHG$IWHUWKLVLQLWLDOLQWHUIHURPHWULFVWHSSKDVHXQZUDSSLQJHUURUVDUHFRUUHFWHGRQWKHVSDWLDOGRPDLQXVLQJD
PLQLPXPFRVWIORZDOJRULWKP IRU VSDUVHGDWD+RZHYHU LQ6WD036 WKHQRQVSDWLDOO\ FRUUHODWHGSDUW LQZUDSSHG
LQWHUIHURJUDPVLVFRUUHFWHGEHIRUHXQZUDSSLQJLQFOXGLQJWKHVSDWLDOO\XQFRUUHODWHGSDUWRIWKHORRNDQJOHHUURUDQG
WKHFRQWULEXWLRQRIWKHPDVWHUWRWKHVSDWLDOO\XQFRUUHODWHGSDUWRIWKHVLJQDO7KHQWKHFRUUHFWHGSKDVHVDUHILOWHUHGWR
UHGXFHSKDVHQRLVHEHIRUHXQZUDSSLQJ$IWHU*ROGVWHLQILOWHULQJWKH36SL[HOVDUHXVHGWRIRUPD'HODXQD\QHWZRUN
DQGWKHLUWULDQJOHHOHPHQWVDUHXVHGWRILQGWKHQHDUHVW36RIHDFKJULG7KHQHDUHVW36SL[HOVRIDOOJULGVDUHXVHGWR
IRUPDQXQZUDSSLQJQHWZRUN
$IWHUSKDVHXQZUDSSLQJ WKHSKDVHVRI36SL[HOVDUHDOUHDG\LQ WLPHVHULHVEHFDXVHDFRPPRQPDVWHU LPDJHLV
UHIHUUHGIRUDOOLQWHUIHURJUDPV+RZHYHUIRUVPDOOEDVHOLQHDSSURDFKDQLQYHUVLRQRIGHIRUPDWLRQLQFUHPHQWVIURP
WKHXQZUDSSHGLQWHUIHURJUDPVLVQHFHVVDU\DVPXOWLSOHPDVWHULPDJHVDUHXVHGDQGWKHSKDVHVDUHQRWUHIHUHQFHGWR
WKHVDPHWLPH7KHLQYHUVLRQLVLPSOHPHQWHGXVLQJOLQHDUHTXDWLRQV
)LQDOO\ WKH XQZUDSSHG SKDVHV RI D VLQJOH SL[HO DUH XVHG WR HVWLPDWH D OLQHDU UHODWLRQVKLS ZLWK LWV VSDWLDO
SHUSHQGLFXODU EDVHOLQHV XVLQJ OHDVW VTXDUH $IWHU HVWLPDWLQJ ORRN DQJOH HUURU DQG PDVWHU DWPRVSKHUH WKH VODYH
DWPRVSKHUHLVHVWLPDWHGE\WULDQJXODWLRQRI36RU6')3SL[HOV7KHSKDVHRQDQHGJHLVWKHGLIIHUHQFHEHWZHHQWKH
XQZUDSSHGSKDVHVRIWZRQRGHV%HFDXVHWKHDWPRVSKHULFHIIHFWVDUHDOVRFRUUHODWHGLQVSDFHIRUHDFKLQWHUIHURJUDP
WKHVODYHDWPRVSKHULFSKDVHVDUHORZSDVVILOWHUHGLQVSDFH7KLVLVLPSOHPHQWHGE\VXPRIQHLJKERULQJDWPRVSKHULF
SKDVHVWKDWDUHZHLJKWHGE\LQYHUVHGLVWDQFHV
7KHLQQHUZRUNLQJVRIWKLVVRIWZDUHSDFNDJHDUHGHVFULEHGLQPRUHGHWDLOLQ
2.2. SARProZ 
7KLVLQWHUIHURPHWULFWRROSDFNDJHLVYHU\YHUVDWLOHGHYHORSHGLQ0DWODEDQGLVFDSDEOHWRSURFHVVDOODYDLODEOHW\SHV
RI6$5LPDJHV,QLWLDOO\WKLVVRIWZDUHZDVGHYHORSHGLQRUGHUWRVROYHWKHSUREOHPRIFURVVLQWHUIHURPHWU\(56YV
(QYLVDWXVLQJDGYDQFHG07,Q6$5WHFKQLTXHV
6XFKSUREOHPLVVWULFWO\UHODWHGWR WKHSK\VLFDOQDWXUHRIUDGDU WDUJHWVDQGWR WKHLUFDSDELOLW\RIEHLQJ³YLVLEOH´
XQGHU GLIIHUHQW ORRNLQJ DQJOHVLOOXPLQDWLQJ IUHTXHQFLHV 7KXV 6$53UR=ZDV HTXLSSHG ZLWK DPRGXOH IRU WDUJHW
FKDUDFWHUL]DWLRQDQGUHFRJQLWLRQDEOHWRSURFHVVDQGH[WUDFWLQIRUPDWLRQDOVRIURPWKHDPSOLWXGHRIUDGDULPDJHV$V
D VLGHHIIHFW XVLQJ DPSOLWXGH WLPHVHULHV WKH WRRO EHFDPH DEOH WR GHDO ZLWK WHPSRUDU\ WDUJHWV 0RUHRYHU WKH
UHFRJQLWLRQRIDUDGDUWDUJHWLPSOLHVDSUHFLVHORFDOL]DWLRQDQGZLWKLQ6$53UR=VHYHUDOWHFKQLTXHVIRULPSURYLQJWKH
KHLJKWHVWLPDWLRQDQGWKHFRQVHTXHQWJHRFRGLQJSURFHVVZHUHGHYHORSHG7KHSUREOHPRILQFUHDVLQJWKHGHQVLW\RI
36V LQ H[WUDXUEDQ DUHDVZDV WKHQ IDFHG DQG WKH4XDVL36 DOJRULWKPZDV VWXGLHG DQG LPSOHPHQWHG&XUUHQWO\
6$53UR=SURYLGHVPDQ\GLIIHUHQWRSWLRQVIRUFRPELQLQJORQJVHULHVRIGDWDDQGWKHXVHUFDQFKRRVHZKLFKVHWRI
LQWHUIHURJUDPV WR SURFHVV DQG ZLWK ZKLFK WHFKQLTXHV 7KH VRIWZDUH LQFOXGHV WKHQ VRPH DX[LOLDU\ IXQFWLRQV OLNH
FODVVLILFDWLRQDQGFKDQJHGHWHFWLRQ%HVLGHOLQHDUGHIRUPDWLRQWUHQGDQGKHLJKWRWKHUSDUDPHWHUVFDQEHHVWLPDWHG
DVD]LPXWKVXEFHOOSRVLWLRQDQGDFRQVWDQWSKDVH3DUDPHWHUVFDQEHHVWLPDWHGWKURXJKWKHFODVVLFDO36DOJRULWKP
DVZHOODVWKURXJKWKH4XDVL36RQH,QWKHHQG$36FDQEHHVWLPDWHGWKURXJKGLIIHUHQWDOJRULWKPVIRUWKHJUDSK
LQYHUVLRQ $OO GHWDLOV DERXW WKLV LQWHUIHURPHWULF SDFNDJH FDQ EH IRXQG LQ DQG LQ WKH RIILFLDO ZHEVLWH
ZZZ6$53UR=FRP



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7HVWVLWHV
7KLVVHFWLRQEULHIO\SUHVHQWVWKHGLIIHUHQWWHVWDUHDVVHOHFWHGZLWKWKHDLPRIDFKLHYLQJWKHDQVZHUVWRWKHSUHYLRXVO\
LQWURGXFHGTXHVWLRQVEXWDOVRDVIXQFWLRQRIGDWDDYDLODELOLW\)LJVKRZVWKHORFDWLRQRIWKHGDPVXVHGLQWKLVZRUN
ZKLFKDUHVXPPDULO\GHVFULEHGLQWKHIROORZLQJVHFWLRQV$OOWKHSUHVHQWHGWHVWVZHUHPRQLWRUHGEOLQGO\LHZLWKRXW
DQ\UHIHUHQFHNQRZOHGJHVLQFHWKHJRDOVZDVWKHHYDOXDWLRQRI&EDQGIHDVLELOLW\IRUGDPPRQLWRULQJ


)LJ±1DPHDQGORFDWLRQRIWKHGDPVVWXGLHGLQWKLVZRUN
3.1. Benínar dam 
%HQtQDUGDPLVORFDWHGRQWKH*UDQGHGH$GUDULYHULQWKH$QGDOXVLDQPXQLFLSDOLW\RI%HQtQDULQWKH$OPHUtD
SURYLQFH,WZDVEXLOWZLWKORRVHPDWHULDOVZLWKGLVWLQFWSURILOHLQFOLQHGLPSHUYLRXVFRUHURFNILOOVKRXOGHUVDQGKDV
DKHLJKWRIPDQGDZLGWKRIPWKHUHVHUYRLUKDVDYROXPHRIKP,WVFDWFKPHQWDUHDNPDIIHFWV
WKHSURYLQFHVRI*UDQDGDDQG$OPHULDRQLWVHDVWHUQDQGZHVWHUQERXQGDULHV3RSXODWLRQZDWHUVXSSO\DQGLUULJDWLRQ
DUHWKHPDLQXVHRIWKLVGDP,QWKH07,Q6$5SURFHVVLQJRIWKLVGDP6WD036DOJRULWKPZDVXVHGLQDVHWRI
(56 GHVFHQGLQJ LPDJHV IURP  WR  DQG  (QYLVDW DVFHQGLQJ LPDJHV IURP  WR
7KHUHVXOWVDUHSUHVHQWHGLQ)LJ

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
)LJ±6WD03607,Q6$5PHDQ/26YHROFLW\IRU%HQtQDUGDPZLWKDWLPHVHULHVGHIRUPDWLRQSORWRIDSRLQWRQWKHWRSRIWKHGDPD(56
GHVFHQGLQJWUDFNE(QYLVDWDVFHQGLQJWUDFN
,QERWKGDWDVHWVWKHGDPLVGHILQHGE\VHYHUDOKLJKLQWHQVLW\VWDEOHSRLQWVWKDWVKRZVRPHGHIRUPDWLRQWUHQGLQ
UDWHRIWRPP\URQWKHWRSRIWKHGDPIDOOLQJWR]HURGHIRUPDWLRQRQWKHERWWRPRIWKHGDP6XFKPRYHPHQW
FDQEHDVVXPHGLQKRUL]RQWDOGLUHFWLRQSHUSHQGLFXODUO\WRWKHGDPD[LVDQGUHSUHVHQWVWKHH[SHFWHGEHKDYLRUIRUWKLV
W\SHRIGDP
3.2. El Limonero dam 
7KH(O/LPRQHURGDPLVORFDWHGRQWKHRXWVNLUWVRI0iODJDFLW\VLWXDWHGRQWKH*XDGDOPLQDULYHUDQGEHORQJVWR
WKH&XHQFD0HGLWHUUiQHD$QGDOX]D7KHPDLQREMHFWLYHRIWKLVGDPLVWKHODPLQDWLRQRIWKHDYHQXHVRIWKH*XDGDOPLQD
ULYHUEXWVHUYHVDOVRDVDVXSSO\VRXUFHIRUWKHFLW\RI0iODJD7KHGDPW\SHLVORRVHPDWHULDOVDQGSODQWZLWKFRUH
FXUYH,WKDVDFUHVWOHQJWKRIPDKHLJKWRYHUIRXQGDWLRQRIPDQGDKHLJKWDERYHWKHEHGRIP,QWKH07
,Q6$5SURFHVVLQJRIWKLVGDP6WD036DOJRULWKPZDVXVHGLQDVHWRI(56DVFHQGLQJLPDJHVIURPWR
7KHUHVXOWVDUHSUHVHQWHGLQ)LJ

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
)LJ±6WD03607,Q6$5PHDQ/26YHORFLW\OHIWDQGDGHIRUPDWLRQWLPHVHULHVSORWIRUDSRLQWRQWKHWRSRIWKHGDPULJKWIRU(O
/LPRQHURGDP(56DVFHQGLQJWUDFN
$JDLQWKHGHWHFWHGPRYHPHQWVXSWRWRPP\URQWKHWRSRIWKHGDPZDVH[SHFWHGIRUWKLVW\SHRIGDP
3.3. La Viñuela dam 
/D9LxXHODGDPLVORFDWHGRQWKH*XDURULYHULQWKHPXQLFLSDOLW\RI/D9LxXHODDQGFRQWUROVWKHZDWHUVRIWKH
K\GURJUDSKLFQHWZRUNRIWKHUHJLRQRI/D$[DUTXtD,WKDVEHHQEXLOWWRVXSSO\ZDWHUWRWKHUHJLRQDQGWRLPSURYHWKH
LUULJDWHGODQGV7KHEDVLQRIWKH/D9LxXHODUHVHUYRLUKDVDQRZQVXUIDFHRINPDQDYHUDJH\HDUO\UDLQIDOORI
PPDQGDQDYHUDJH\HDUO\FRQWULEXWLRQRIKP7KHUHVHUYRLULVPDGHRIORRVHPDWHULDOVHPEDQNPHQWGDPDQG
PL[HGSODQWKDYLQJDFRURQDWLRQOHQJWKRIPDIRXQGDWLRQVKHLJKWRIPDQGDKHLJKWRYHUWKHULYHUEHGRI
P,QWKH07,Q6$5SURFHVVLQJRIWKLVGDP6WD036DOJRULWKPZDVXVHGLQDVHWRI(56GHVFHQGLQJLPDJHVIURP
 WR  DQG  (QYLVDW DVFHQGLQJ LPDJHV IURP  WR  7KH UHVXOWV DUH
SUHVHQWHGLQ)LJ

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
)LJ±6WD03607,Q6$5PHDQ/26YHORFLW\DQGRQHWLPHVHULHVSORWRIDODUJHUGHIRUPDWLRQIRU/D9LxXHODGDPD(56GHVFHQGLQJWUDFN
E(QYLVDWDVFHQGLQJWUDFN
'HVSLWH WKH GLVWLQFW JHRPHWULHV RI ERWK GDWDVHWV VHYHUDO 36 DUH IRXQG LQ WKH GDP ZDOO 7KH EHKDYLRU RI WKH
GLVSODFHPHQWVFOHDUO\LQGLFDWHVWKDWWKHGHIRUPDWLRQRFFXUVLQDQH[SHFWHGZD\GXHWKHZDWHUSUHVVXUH
3.4. Arenoso dam 
(O$UHQRVR GDP LV ORFDWHG LQ WKH$UHQRVR ULYHUEHG D WULEXWDU\ RI WKH*XDGDOTXLYLU RQ WKH ULJKW EDQN LQ WKH
$QGDOXVLDQPXQLFLSDOLW\RI0RQWRURSURYLQFHRI&yUGREDDQGLWVUHVHUYRLUKDVDFDSDFLW\RIKPDQGDDUHD
RIKD7KHW\SHRIGDPLVORRVHPDWHULDOVZLWKLPSHUYLRXVFRUHILOWHUVDQGURFNILOOVKRXOGHUV7KHGDPKDVD
PD[LPXPKHLJKWRIPDFUHVWOHQJWKRIPDQGDFRURQDWLRQZLGWKRIP7KHFRQVWUXFWLRQRIWKHGDP
LQFUHDVHG WKH ZDWHU DYDLODEOH LQ WKH *XDGDOTXLYLU ZKLFK DIIHFWV WKH HFRQRPLF DQG VRFLDO GHYHORSPHQW RI WKH
*XDGDOTXLYLUEDVLQ,QWKH07,Q6$5SURFHVVLQJRIWKLVGDP6$53UR=DOJRULWKPZDVXVHGLQDVHWRI6HQWLQHO
$LPDJHVIURPWR7KHUHVXOWVDUHSUHVHQWHGLQ)LJ
)LJ±6$53UR=07,Q6$5UHVXOWVIRU(O$UHQRVRGDP6HQWLQHO$DVFHQGLQJWUDFN
1
ͲϭϬ Ϭ ϭϬ
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1RWKLQJVLJQLILFDQWFDQEHGHWHFWHGZKHQFRPSDUHGWRWKHSUHYLRXVSURFHVVLQJKRZHYHUWKLV6HQWLQHW$GDWDVHW
DOORZVUHDOL]LQJWKHDGGHGYDOXHEURXJKWE\WKH&EDQGVHQVRURQERDUG6HQWLQHO$
3.5. Paradela dam 
$SSO\LQJ6$53UR=WR(QYLVDWLPDJHVIURPRYHUODSSLQJDVFHQGLQJWUDFNVLPDJHVIURP
DQGLPDJHVIURPXVLQJFORVHO\FRUUHVSRQGLQJUHIHUHQFHSRLQWWKHUHVXOWVVKRZYHU\VLPLODU
EHKDYLRUKRZHYHUIRUGLIIHUHQW36SRLQWV,QERWKGDWDVHWVWKHGDPLVGHILQHGE\VHYHUDOKLJKLQWHQVLW\VWDEOHSRLQWV
7KHVHVWDEOHSRLQWVDUHVKRZLQJVRPHUDWKHUVPDOOGHIRUPDWLRQWUHQGLQUDWHRIQRWPRUHWKDQPP\URQWKHORZHU
SDUWRIWKHGDPDQGXSWRaPP\URQWKHXSSHUSDUWRIWKHGDPLQVDWHOOLWH/267KHVLWXDWLRQLVGHVFULEHGLQ)LJ
LQFOXGLQJJUDSKVRIOLQHDUGHIRUPDWLRQHVWLPDWHGDWWZRVHOHFWHGSRLQWVORFDWHGDWFORVHSRVLWLRQVZLWKLQGDWDVHWVRI
ERWKWUDFNV


)LJ±D/LQHDU/26GHIRUPDWLRQWUHQGRI3DUDGHODGDPHVWLPDWHGXVLQJ6$53UR=07,Q6$5SURFHVVLQJRI(QYLVDW$6$5GDWDRIWUDFN
OHIWDQGWUDFNULJKWE'HIRUPDWLRQWLPHVHULHVRIPDUNHG36

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3.6. Raiva dam 
7KH5DLYDGDPLVDFRQFUHWHGDPZLWKDOHQJWKRIPVLWXDWHGLQFHQWUDO3RUWXJDORQWKH'RXURULYHUQHDU
WKH&RLoRWRZQ7KHDUHDLVPRQLWRUHGXVLQJ(19,6$7GDWDIURPWZRDVFHQGLQJWUDFNVZKHUHWKHRULHQWDWLRQRI
WKHGDPLVDOPRVWLGHDOSDUDOOHOWRWKHIOLJKWGLUHFWLRQ'DWDIURPWUDFNVFHQHVDQG
WUDFNVFHQHVZHUHSURFHVVHG'XHWRORQJHUVSDWLDODQGWHPSRUDOEDVHOLQHVDQGORZHUQXPEHURIVFHQHV
WUDFNLVOHVVVXLWDEOHIRUPRQLWRULQJKRZHYHULWKDVVOLJKWO\EHWWHUUHVROXWLRQLQWKHGLUHFWLRQSHUSHQGLFXODUWR
WKHGDPFRQVWUXFWLRQ7KHGDPLVVXEMHFWWRDVWURQJUDGDUOD\RYHUIURPERWKWUDFNVDVWKH36SRLQWVRQWKHWRSRI
WKHGDPDUHFORVHUWRWKHUDGDUWKDQWKH36SRLQWVRQWKHERWWRPVLGH7KHQRUWKHUQSDUWRIWKHGDPLVQRWYLVLEOHE\
WKHUDGDURUWKH36SRLQWVZHUHH[FOXGHGIURPWKHSURFHVVLQJGXHWRLQDSSURSULDWHTXDOLW\FRKHUHQFH,Q)LJD
WUDFNQRVLJQLILFDQWPRYHPHQWLVYLVLEOHKRZHYHULQ)LJEWUDFNPRYHPHQWRIWKHVORSHLVGHWHFWHG
1RWHWKDWLGHQWLILHGKLJKTXDOLW\36SRLQWVDUHGLIIHUHQW:LWKLQWKHDFFXUDF\RIWKHPHWKRGLHZLWKLQIHZPP
WKHUH LV QRWKLQJ KDSSHQLQJ DW WKH GDP2Q WKH VORSHVPRYHPHQWV DUH SRVVLEOH KRZHYHU WKH SRLQW GHQVLW\ RU
FRKHUHQFHLVORZWKHUHVXOWVIRUWKHWZRWUDFNVGRQRWYHULI\RQHDQRWKHUEXWWKH\ERWKSUHVHQWVWDEOHEHKDYLRURI
WKHGDP


)LJ±(VWLPDWHGOLQHDUGHIRUPDWLRQZLWKPDUNHGGLVWLQFWLYH36SRLQWVDIRUWUDFNEIRUWUDFN
&RQFOXVLRQ
,QWKLVZRUNZHIRFXVHGRQWKHHYDOXDWLRQRIYXOQHUDELOLW\RIGDPVDIIHFWHGE\WHUUDLQPRYHPHQWVDQGSURYHGWKDW
VWUXFWXUHPRYHPHQWVFDQEHREVHUYHGXVLQJVDWHOOLWHEDVHG6$5LQWHUIHURPHWU\WHFKQLTXHVXVLQJ&EDQGGDWD(56
(QYLVDWDQG6HQWLQHO,WZDVFRQFOXGHGWKDW(56DQG(QYLVDW6$5VFHQHVDUHVXLWDEOHIRUVWUXFWXUDOPRQLWRULQJLQ
SDUWLFXODUWRGHWHUPLQHWKHRYHUDOOVWDWHRIWKHVWUXFWXUH8VLQJWKHGDWDFROOHFWHGE\WKHQHZ6$5VHQVRURQERDUG
6HQWLQHOVDWHOOLWHLWZDVSRVVLEOHWRFRQFOXGHWKDWQHZJHQHUDWLRQRI&EDQGVHQVRUVZLOODOORZVHYHUDOEHQHILWVLQ
WHUPVRIWHPSRUDODQGVSDWLDOUHVROXWLRQVEXWDOVRLQWKHFRKHUHQFHZKLFKZLOOEHUHIOHFWHGLQDVLJQLILFDQWLQFUHDVHRI
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